Constitutively active mitogen-activated protein kinase kinase 1 (MAPKK1) and MAPKK2 mediate similar transcriptional and morphological responses.
Both mitogen-activated protein kinase kinase 1 (MAPKK1) and MAPKK2 function downstream of the proto-oncogene product Raf in signaling pathways that affect cell proliferation and differentiation. The isoforms were previously shown to be differentially regulated in two significant ways: (a) MAPKK1, but not MAPKK2, was phosphorylated and inactivated by the cyclin-dependent kinase p34cdc2; and (b) p21 Ras formed a ternary complex with Raf/MAPKK1 but not with Raf/MAPKK2. To further characterize the regulation and function of the two isoforms, we compared their mode of activation by v-Mos and examined the transcriptional and morphological responses that they mediate in cultured mammalian cells. v-Mos enhanced the enzymatic activity of both isoforms to the same extent, by about 600-fold. Constitutively active MAPKK2 mutants were generated by introducing the same deletion and amino acid substitutions that have been shown to activate MAPKK1, suggesting that the conformational changes that lead to their activation are analogous. These mutants potentiated transcription from a promoter containing AP1-responsive elements and induced morphological transformation when expressed in mammalian cells, matching outcomes observed with constitutively active MAPKK1. The specific activity of p42 MAPK in the transformed cells was 3-fold higher than in cells expressing wild-type MAPKK, thereby implicating p42 MAPK as a common effector in vivo, and suggesting that sustained activation of p42 MAPK may represent a critical factor that contributes to the development of the transformed state. Altogether, the results demonstrate that the two isoforms elicit similar responses in vivo despite differences in their regulation.